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“Napa Jenomics Corp.” SORST

                                                
2) Chem. Commun. Future Articles K. Sakurai, K. Uezu, 
M. Numata, T. Hasegawa, C. Lie, K. Kaneko and S. Shinkai; “ Glucan polysaccharides 
as novel one-dimensional hosts for DNA/RNA  conjugated polymers and nano particles”, 
Chem. Commun., 335. 4383-4398(2005) 
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3) Sato, S., et al., “Collapse of Randomly Coiled Schizophyllan in Mixture of Water and 
Dimethylsulfoxide”. Polym. J., 1983. 115, p. 87-92 
4) Biopolymers, Polysaccharides II: “Polysaccharides from Eukaryotes”, ed. E.J. Vandamme. 
Vol. 6: Wiley-VCH. 
5) Sakurai, K. and S. Shinkai, “Molecular Recognition of Adenine, Cytosine, and Uracil 
in a Single-Stranded RNA by a Natural Polysaccharide: Schizophyllan”. J. Am. Chem. 
Soc., 2000, 1122(18), p. 4520-4521. 
6) Sakurai, K., M. Mizu, and S. Shinkai, “Polysaccharide--polynucleotide complexes. 2. 
Complementary polynucleotide mimic behavior of the natural polysaccharide 
schizophyllan in the macromolecular complex with single-stranded RNA and DNA”,
Biomacromolecules, 2001, 22(3), p. 641-50. 

6



7

poly(C)
SPG poly(C)

X

7



8

SPG
-1,3-

3
SPG

-1,3-
-1,3--

-1,3-

SPG

G 4
-1,3-

DNA
[ ]max

Poly(C) poly(A) poly(C) SPG
[ ]max poly(A)

32 poly(C) 55 [ ]max RNA
DNA 2

poly(C)

                                                
7) Koumoto, K., et al., “Chemical Modification of Curdlan to Induce an Interaction with 
Poly(C)”, Chem. Lett., 2001, p. 908-909. 
8) Kimura, T., et al.,”Polysaccharide-Polynucleotide Interaction (XI): Novel separation system 
of RNAs by using schizophyllan-appended column”,Chem. Lett., 2003, p.1240-1241. 
9) Sakurai, K., et al., “Polysaccharide-polynucleotide complexes VIII. Cation-induced complex 
formation between polyuridylic acid and schizophyllan”, Biopolymers, 2002. 665(1), p. 1-9. 
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10) Miyoshi, K., et al., “Propasol of a New Hydrogen-Bonding From to Maintain Curdlan 
Triple Helix”. Chemistry & Biodiversity,  2004, 11, p. 916-924. 
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11) Miyoshi, K., et al., ”Polysaccharide-polynucleotide complexes. Part 32. Structural 
analysis of the curdlan/poly(cytidylic acid) complex with semiempirical molecular orbital 
calculations”, Biomacromolecules, 2005, 66(3), p.1540-6.
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12 Bae, A.H., et al., “Rod-like architecture and helicity of the poly(C)/schizophyllan complex 
observed by AFM and SEM”, Carbohydr. Res., 2004, 3339(2), p.251-8. 
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Reagents and conditions: (i) NaIO4, H2O, 4 °C, 2 days, (ii) amine or amino acid, DMSO, rt, 
2 days, (iii)NaBH4 , DMSO, rt, 1 day, (iv) 28%NH 3 aq., NaBH 3CN, DMSO, rt, 4 days, 
N-succinimidyl-3-maleimidopropionate, DMSO, rt, 1 day, (vi) peptide, DMSO, rt, 2 days. 

                                                
13) Koumoto, K., et al., “Chemical modification of schizophyllan by introduction of a cationic 
charge into the side chain which enhances the thermal stability of schizophyllan-poly(C) 
complexes”, Chem Commun (Camb), 2001(19), p.1962-3. 
14) Mizu, M., et al., “Protection of polynucleotides against nuclease-mediated hydrolysis by 
complexation with schizophyllan”. Biomaterials, 2004, 225(15), p.3109-16. 
15) Mizu, M., et al., “Antisense oligonucleotides bound in the polysaccharide complex and the 
enhanced antisense effect due to the low hydrolysis”, Biomaterials, 2004, 225(15), p.3117-23.  
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16) Mizu, M., et al., “Protection of polynucleotides against nuclease-mediated hydrolysis by 
complexation with schizophyllan”, Biomaterials, 2004. 225(15): p. 3109-16. 
17) Mizu, M., et al., “Antisense oligonucleotides bound in the polysaccharide complex and the 
enhanced antisense effect due to the low hydrolysis”. Biomaterials, 2004. 225(15): p. 3117-23. 
18) Mizu, M., et al., “Enhancement of the Antisense Effect of Polysaccharide? Polynucleotide 
Complexes by Preventing the Antisense Oligonucleotide from Binding to Proteins in the 
Culture Medium”, Bulletin of the Chemical Society of Japan, 2004. 777: p. 1101-1110.
19 ) Karinaga, R., et al., “PEG-appended beta-(1-->3)-d-glucan schizophyllan to deliver 
antisense-oligonucleotides with avoiding lysosomal degradation”, Biomaterials, 2005. 
26(23): p. 4866-73. 
20) Karinaga, R., et al., “Galactose-PEG dual conjugation of beta-(1 3)-D-glucan schizophyllan 
for antisense oligonucleotides delivery to enhance the cellular uptake”, Biomaterials, 2006, 
27(8): p. 1626-35. 
21) Karinaga, R., et al., “First observation of complexation between mRNA and the natural 
polysaccharide schizophyllan by the fluorescence polarization”, Chemistry & Biodiversity,
2004, 11: p. 603. 
22) Hasegawa, T., et al., “Schizophyllans carrying oligosaccharide appendages as potential 
candidates for cell-targeted antisense carrier”, Org. Biomol. Chem., 2004, 22(21): p. 3091-8 
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23) Koyama, Y., et al., “Complexation of oligodeoxynucleotide with the -(1 3)-D-glucan 
schizophyllan to increase stability in blood and potentiate the antisense drug efficacy in 
vivo”, J. Control Release, submited. 
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24) Henmi, H., et al., “A Toll-like receptor recognizes bacterial DNA”, Nature, 2000. 
408(6813),  p. 740-5. 
25) Mizu, M., et al., “A polysaccharide carrier for immunostimulatory CpG DNAs to 
enhance cytokine secretion”, J. Am. Chem. Soc., 2004. 1126(27), p. 8372-3.  
26) Shimada, N., et al., “Synthesis and in Vitro Characterization of Antigen-Conjugated
Polysaccharide as a CpG DNA Carrier”, Bioconjug Chem, 2006. 117(5), p. 1136-1140. 
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27) Shimada, N., et al., “A Polysaccharide Carrier to Effectively Deliver Native Phosphodiester CpG 
DNA to APCs”. Bioconjug Chem, 2007 (in press).
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28) International Human Genome Sequencing Consortium, “Finishing the euchromatic 
sequence of the human genome”. Nature, 2004, 4431, p. 931-45 
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29) Nagasaki, T., et al., “Long-Term Expression with Cationic Polymer Derived from a Natural 
Polysaccharide: Schizophyllan”. Bioconjugate Chem., 2004,  15, p. 249-59 
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30) Satoh, T., et al., “6-Amino-6-deoxychitosan. Preparation and application as Plasmid Vector 
in COS-1 Cells”. Chem. Lett., 2004,  33, p. 340-41 
31) Satoh, T., et al., “6-Amino-6-deoxy-chitosan.  Sequential Chemical Modifications at the 
C-6 Positions of N-Phthaloyl-chitosan and Evaluation as a Gene Carrier”. Carbohydrate Res.,
2006, 3341, p. 2406-13  
32) Satoh, T., et al., “In vitro gene delivery to hepatocyte with galactosylated 6-amino-6- 
deoxychitosan as DNA carrier”, Carbohydrate Res., submitted 
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a) i) phthalic anhydride, 2% acetic acid, rt, 12 h. ii) 2% NaHCO3, phthalic anhydride, rt, 
12 h. iii) 6 M HCl. b) N-halosuccinimide, triphenylphosphine, NMP, 80˚C, 2 h. c) NaN3,
NMP, 80˚C, 4 h. d) i) triphenylphosphine, NMP, rt, 12 h. ii) NH2NH2·H2O, NMP–water 
(1:1), 100˚C, 4 h. 
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33) Kakimoto, S., “Dual-ligand effect of transferrin and transforming growth factor alpha 
on polyethyleneimine-mediated gene delivery”, J. Contorol. Release, submitted 
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34) Nagasaki, T., et al., “Enhanced nuclear import and transfection efficiency of plasmid 
DNA using streptavidin-fused importin- ”. J. Control. Release, 2005, 103, p. 119-207 . 
35) Kawazu, T., et al., “Active Transport of Exogenous Genes into the Nucleus”; the 
chaptor for Non-viral Gene Therapy: Gene Design and Delivery, Springer-Verlag, Tokyo, 
2005, p. 176-86 
36) Nagasaki, T., et al., “Can nuclear localization signals enhance nuclear localization of 
plasmid DNA?”,  Bioconjugate Chem., 2003, 114, p. 282-86. 
37) Kaneda, Y., “Hemagglutinating virus of Japan (HVJ) envelope vector as a versatile 
gene delivery system”. Mol. Ther., 2002, 66, p. 219-26 
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38) Nagasaki, T., “Active DNA Release from Complexes; the chapter for Non-viral Gene 
Therapy: Gene Design and Delivery”; the chaptor for Non-viral Gene Therapy: Gene 
Design and Delivery, Springer-Verlag, Tokyo, 2005, p. 155-64. 
39) Nagasaki, T., et al., “The Concept of Molecular Machinery Is Useful for Design of 
Stimuli-Responsive Gene Delivery Systems in the Mammalian Cell”, J. Incl. Phenom. 
Macrocycl. Chem., 2007, in press 
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40) Nagasaki, T., et al., “Photo-enhancement of transfection efficiency using novel 
cationic lipids having photo-cleavable spacer”. Bioconjugate Chem., 2003, 114, p. 513-16 
41) Nagasaki, T., et al., “Photo-enhancement of transfection efficiency with a novel 
azobenzene-based cationic lipid”. Chem. Lett., 2003, 332, 88-89 
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42) GUV 10-20 m

UV
GUV -A
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11

                                                
42) Hamada, T., et al., “Reversible photoswitching in a cell-sized vesicle. Langmuir, 2005, 
21, p. 7626-28 
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43) Kimura, T., et al., “Polysaccharide-polynucleotide interaction (XI); novel separation system 
of RNAs by using schizophyllan-appended column”, Chem. Lett., 2002(12), p. 1240-1. 
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44) Kimura, T., et al., “ ”, , 2003(5), p. 201-6.
45) Kimura, T., et al., “Separation technique for messenger RNAs by use of schizophyllan/
poly(A) tail complexation”, Biomacromolecules, 2005(6), p. 174-9. 
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46) Kimura, T., et al., “ RNA ”, 

NEWS LETTER, 2004, 118(3), p. 10-3 
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1 Vielberth Lectureship ,
( )

Molecular design of sugar 
interfaces aiming at sensing and 
DNA/RNA binding  (I) 

5/13/02

2
27th International 
Sympo- sium on 
Macro-cyclic Chemistry Park City ( )

Molecular Design of Artificial 
Receptors with Positive homotropic 
allosterism  (I) 

6/24/02

3
Chemical modification of curdlan: 
Characteristic complexation with 
polynucleotides by control of the 
molecular weight (P) 

8/18/02

4

224th ACS National 
Meet ing 

( )

NOVEL DNA-POLYSACCHA 
-RIDE TRIPLE HELIX AND ITS 
APPLICATION TO A GENE 
CARRIER  (I) 

8/22/02

5 SAS2002 ( )
Synchrotron Small Angel X-ray 
Scattering form Organo Gelators (I) 8/27/02

6
UCLA 
NANOSYSTEMS 
SEMINAR , UCLA ( )

Dynamic Sugar and Other 
Carbohydrate Interfaces aimed at 
Sensing, Imprinting, and 
DNA/RNA Binding (O) 

11/12/02

7
30th Annual Meeting 
& Exposition of the 
Controlled Release 
Soc. 

Scotland, 
Glasgow 

Efficient Gene Delivery System 
Using Photo-Cleavable Lipids: 
Enhancing DNA Escape from 
Endocytic Vesicles by UV 
Irradiation  (P) 

7/22/03

8 ,
( )

Molecular Design of Synthetic 
Receptors with Dynamic, 
Imprinting, and Allosteric 
Functions  (I) 

10/16/03

9 ,
( )

Molecular Transcription of Organic 
Assemblies Creates Novel Organic 
and Inorganic Superstructures (I) 

10/19/03

10 ISIS
,

( )

(1) Molecular transcription of 
organic assemblies creates 
novelorganic and inorganic 
superstructures. (2) Molecular 
design of dynamic sugar interfaces 
aiming at sensing, imprinting and 
DNA/RNA binding. (I) 

12/1/03

11 Twente ,
( )

Molecular design of dynamic sugar 
interfaces aiming at sensing, 
imprinting and DNA/RNA binding, (I) 

12/8/03

12 7th World 
Biomaterials Congress 

Sydney, 
Australia 

Polysaccharide Schizophyllan- 
Based Plasmid DNA Carrier (O) 5/17/04

13
31st Annual Meeting 
and Exposition of the 
Controlled Release Soc. 

Hawaii, U.S.A. ( )
A Novel Polysaccharide Carriar for 
Functional Oligonucleotides (O) 6/15/04

14
Curdlan and Schizophyllan ( -1
3-Glucans)  Can Entrap Shingle 
Wall Carbon Nanotubes in Their 
Helical Superstructure (O) 

7/5/04

15

2004 ISMC/RACIOC 
Chemistry 
Conference

( )

Schizophyllan( -1,3-glucans) as a 
one-dimensional host to entrap 
DNA/RNA and single walled carbon 
nanotubes (O) 

7/5/04

16
Lactose-appended Schizophyllan 
can Mediate Specific Interactions 
between Single-Walled Carbon 
Nanotubes and Lectins (P) 

7/25/04

17

XIIIth International 
Symposium on Supra 
molecular Chemistry 

South bend,  
USA

( )
Molecular Transcription for the 
Creation of Novel Superstructures (I) 7/27/04

18 Prof. Eisenberg Montreal, 
Canada ( )

A Noble Triple Helix Consisting 
One Polynucleotide and Two 
Polysaccharide Chains (I) 

8/16/04
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19 Prof. Leaf Pittsburgh, PA, 
U.S.A.. ( )

A Noble Polysaccharide DNA- 
Carrier to Deliver CpG Motifs to 
Endosome (I) 

8/18/04

20 Prof. MacKnight Amherst,
Massachusetts, 
U.S.A. ( )

A Noble Triple Helix Consisting 
One Polynucleotide and Two 
Polysaccharide Chains (I) 

8/20/04

21 ( )
A New triple helix consisting of one 
polynucleotides and two 
polysaccharide chains (O) 

8/25/04

22 ( )
A noble polysaccharide DNA-carrier 
to deliver CpG motifs to endosome 
(O)

8/26/04

23

The 228th ACS National 
Meeting,  

Philadelphia,
PA, U.S.A. 

( )
Small angle X-ray scattering from 
cyclic bis-urea/primary alcohol 
organogels (O) 

8/26/04

24
Bath Functional 
Molecules 1; 
Supramolecular Chem. 

Bath ,  England 
( )

Molecular Transcription for the 
Creation of Novel Superstructures 
(I)

9/9/04

25
12th International 
Pharma ceutical 
Technology Sympo sium 

Istanbul, 
Turkey 

Enhanced nuclear import of 
plasmid DNA using 
streptavidin-fused importin-b (P) 

9/13/04

26
The 12th Annual 
Congress of the European 
Society of Gene Therapy 

Tapmere, 
Finland

Preparation and Evaluation of a 
Novel Polysaccharide-based Gene 
Carrier: 6-amino-6-deoxychitosan (P) 

11/5/04 

27 (
Computational structural analysis 
of -1,3-glucan-polynucleotide
complex (P) 

3/13/05

28 (
Hydrogen-bonding forms to 
maintain -1,3-glucan triple helix 
(P)

3/13/05

29 ( )
Gene delivery system using 
polysaccharide schizophyllan and 
poly(dA) tailed DNA '(O) 

3/17/05

30

The 229th ACS 
National Meeting 

San Diego, 
CA, USA 

( )

A new triple helix consisting of one 
polynucleotide and two 
polysaccharide chains and its 
application to DDS '(O) 

3/17/05

31
Spring School 2005, 
“Supramolecular 
Functional Materials” 

, ( )
Molecular recognition systems 
designed on dynamic scaffolds (I) 4/12/05

32
Trends in Organic 
Chem. Synthetic 
Receptors

Sweden, Lund ( )

Molecular Design of Dynamic 
Recognition Systems Aiming at 
Sensing, Imprinting and 
DNA/RNA-Binding  (I) 

4/13/05

33
8th Annual Meeting 
of American Society 
of Gene Therapy 

St. Louis,  
Missouri,  
USA

HVJ-E/Importin-beta Hybrid for 
Efficient Gene Delivery (P) 6/2/05

34
32nd Annual Meeting & 
Exposition of the 
Controlled Release Society 

Miami Beach, 
Florida, USA 

Expression Efficiency of Importin 
b/Polyplex Conjugate Incorporated 
into HVJ-E  (O) 

6/20/05

35 11th Asian Chemical 
Congress Korea Seoul ( )

Creation and Function of Helical 
Superstructures (O) 8/22/05

36
The 3rd International 
Symposium on Calix- 
Supramolecular Chem.  

Korea, Seoul ( )
Signal Transduction through the 
Molecular Recognition (O) 8/25/05

37
3rd International 
Nanomedicine and 
Drug Delivery 
Symposium 

Univ. of Maryland, 
Baltimore,
MD, USA 

ENHANCED NUCLEAR IMPORT 
OF PLASMID DNA AND 
INCREASED EXOGENOUS GENE 
EXPRESSION USING 
STREPTAVIDIN-FUSED 
IMPORTIN-b (P) 

9/26/05

38 ( )
Molecular transcription for creation 
of novel superstructures and 
functions (O) 

12/19/05

39

Pacifichem 2005 Hawaii
Honolulu

( )

Hierarchiral structure of 
organogels explored with 
synchrotron SAXS and application 
to controlled release of DNA. (O) 

1/24/06
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40 ( )

Schizophyllan ( -1,3-glucan) as a 
one-dimensional host for 
DNA/RNA, SWNTs and 
nanoparticles (O) 

1/27/06

41 ( )
Polysaccharide carrier for 
immunostimulatory CpG DNAs to 
enhance cytokine secretion. (O) 

6/1/06

42
Lund University- 
Inauguration
Lectures in Organic 
Chemistry 

S eden, Lund ( )

Molecular Design of Synthetic 
Receptors with Dynamic, 
Imprinting andAllosteric Functions 
(I)

6/5/06

43
International Symposium 
on Organic Chem. at the 
Interface to Biology 

Copenhagen, 
Denmark ( )

Creation of Helical Superstructures 
from Molecular Assemblies, 
Inorganic Compounds and 
Polysaccharides  (I) 

6/27/06

44
Enhanced Nuclear Import and 
Transfection Efficiency by 
Disaccharide-Modified PEIs (P) 

7/24/06

45 MacKnight
( )

Molecular Design of a Low 
Birefringence and High 
Reflective-Index Polyester for 
Optical Lenses  (I) 

7/25/06

46

Joint International 
Sympo- sium on 
Macrocyclic and 
Supramolecular 
ISMSC2006 

Victoria, 
Canada ( )

Molecular Orientation of Polymeric 
Materials by Allosteric Aligners 
and Polysaccharide Hosts (O) 

7/25/06

47
Improvement of Cationic 
Lipid-Mediated Gene Expression by 
Photo-Induced Membrane (P) 

12/19/05

48 ( )
Delivery of CpG DNA Using a 
Natural beta-(1-3)-D-Glucan
Schizophyllan (P) 

1/24/06

49

33rd Annual Meeting 
& Exposition of the 
Controlled Release 
Society 

Vienna, 
Austria

( )

Differentiation and Control of 
Antisense Oligonucleotides 
Delivery Using PEG and RGD 
Hybridized -(1 3)-Glucan
Schizophyllan (O) 

1/27/06

50

2006 Osaka Univ./LANL 
International Workshop 
on “The 2nd 
Nanoelectronics and 
Dynamics of DNA" 

( )
Novel DNA-polysaccharide Triple 
Helix and Its Application to A Gene 
Carrier (I) 

8/21/06

51
Polysaccharide Nano Gel 
Encapsulating DNA/polycation 
complexes for Gene Delivery (P) 

9/9/06

52

Mechanism of glycofection: 
Enhanced nuclear import of 
plasmid DNA complex with 
disaccharide-conjugated 
poly(ethylenimine)s (P) 

9/12/06

53

232nd ACS National 
Meeting San Francisco, 

( )

Delivery of antisense DNA to 
nuclear telomere RNA by use of a 
natural polysaccharide of 
schizophyllan (O) 

9/14/06

54
2nd International 
Congress on Bio-
Nano-Interface 

Stuttgart, 
Germany ( )

How Can We Integrate 
“Intelligence” into Molecular 
Systems? (I) 

10/10/06

55 5 , ( )
Enhancement of transfection 
efficiency by dual ligands-mediated 
polymeric gene delivery (P) 

11/14/06
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 Vielberth Lectureship

Royal Society of Chemistry Chemical Communication Future Article
10

Kazuo Sakurai, Kazuya Uezu, Munenori Numata, Teruaki Hasegawa, Chun 
Li, Kenji Kaneko and Seiji Shinkai; “ -1,3-Glucan polysaccharides as novel 
one-dimensional hosts for DNA/RNA, conjugated polymers and nanoparticles”; 

      Chem. Commun., 335, 4383-4398(2005) 

86

43
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